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The impact of different pollution sources on modern dinoflagellate cysts in the Sishili 
24
Yellow Sea 25 The spatial distribution of dinoflagellate cysts in the surface sediment of Sishili Bay, Yellow Sea, China, was 26 studied, with the purpose of understanding the impact from nutrient enrichment and industrial pollution.
27 Thirty-five dinoflagellate cyst taxa belonging to 15 genera and 3 unknown cysts were identified and quanti-28 fied at 22 sampling sites. Autotrophic cysts (e.g., Spiniferites bentori var. truncata) and heterotrophic cysts 29 (Brigantedinium sp.1 and Quinquecuspis concreta) dominated the sediment samples. The spatial distribution 30 of cyst abundance showed a significant positive correlation with increased nutrients, but was negative to 31 heavy metal pollution. The highest cyst abundance (with an average of 539 cysts g − 1 DW) occurred in the SB ecosystem over the last 10 years (Wu et al., 2001; Chi, 2008; 57 Dong et al., 2010) . Thus, it is important to understand the impact of ies for past environmental changes (e.g., temperature, salinity and eu-65 trophication) (McMinn and Wells, 1997; Matsuoka, 1999 Matsuoka, , 2001 Shin 66 et al., 2010; Tuovinen et al., 2010; Wang et al., 2011) . About 200 ma-67 rine dinoflagellate taxa can produce cysts that sink to the seabed to 68 serve as benthic resting stages, and their abundance and composition
69
have been used to predict red tides (Anderson et al., 1982; Siringan et 70 al., 2008) , reflect pollution loads and indicate temperature change and hydrodynamic signals (Matsuoka, 1999 (Matsuoka, , 2001 Dale, 2001 Dale, , 2009 72 Pospelova et al., 2005 72 Pospelova et al., , 2008 (Saetre et al., 1997; Matsuoka, 2001; Dale, 2009 Saetre et al. (1997) found that cyst abundance in sediment cores 86 declined with increased pollution and suggested that industrial
pollution could cause a shift toward more heterotrophic species. Fig. 2 . The increased population, marine aquaculture production, freight ships and sewage outflow in Yantai (Yantai Statistics Bureau, 1985 -2008 .
of dinoflagellate cysts are discussed in relation to the environmental (Jia et al., 2007 tions (Matsuoka and Fukuyo, 2000; Fujii and Matsuoka, 2006; 160 Wang, 2007; Matsuoka et al., 2009; Rochon et al., 2009 The abundances of three unknown cysts were excluded when cal-
184
culating the ratio of heterotrophic-autotrophic dinoflagellate cysts
185
(H:A), heterotrophic cyst abundance and autotrophic cyst abundance.
186
Based on the data of total cyst abundances including 38 taxa and 22 187 samples, the similarity was analyzed by software PRIMER 6.0 pack-188 ages (Clarke and Warwick, 1994) , and then a resemblance matrix 189 was created (Clarke and Warwick, 1994) . Based on the resemblance The identified dinoflagellate cysts were divided into sixteen auto- SB (Table 1) . 2  22  39  11  8  22  17  4  7  36  8  0  4  18  3  11  9  3  20  3  3  2  Unknown cysts  Unknown cyst 1  16  6  39  15  8  30  17  4  20  21  20  9  8  15  13  33  48  33  29  1  31  11  Unknown cyst 2  9  22  79  15  15  17  6  15  27  32  8  30  15  15  23  22  62  50  25  3  9  12  Unknown cyst 3  0  3  0  4  13  9  0  1  3  0  4  6  0  6  0  18  0  3  0  0  0  7  Sum  Total  336  350  1322  457  280  457  573  227  342  395  457  281  223  342  341  470  475  382  637  147  122  141  Autotrophs  276  234  809  358  147  276  399  152  193  260  353  201  156  216  196  304  224  246  466  113  36  44  Heterotrophs  51  90  434  80  105  155  169  59  120  103  92  44  53  105  122  127  189  83  147  32  77  79  Unknown cyst  9  26  79  18  27  26  6  16  30  32  12  35  15  20  23  40  62  53  25  3  9  19  Autotrophic taxon number  14  10  13  14  12  11  14  13  12  10  11  12  13  10  13  13  10  12  12  10  11  11  Heterotrophic taxon number  9  9  7  9  10  8  12  9  9  6  10  4  10  11  9  12  10  10  9  7  11  8  Unidentified species number  2  3  2  3  3  3  2  3  3  2  3  3  2  3  2  3  2  3  2  2  2  3  Total species number  25  22  22  26  25  22  28  25  24  18  24  19  25  24  24  28  22  25 
3.2. The abundance of dinoflagellate cysts in the surface sediment of SB
222
The abundance of dinoflagellate cysts was distributed unevenly in 223 SB and ranged from 122 to 1322 cysts g − 1 DW at different sites, with 224 an average of 396 cysts g − 1 DW (Fig. 5a) phic cyst distribution were analyzed, respectively (Fig. 5b,c) . The (40 cysts g − 1 DW) (Fig. 5b) . Obviously, the autotrophic cyst in Zone
241
E was much lower than in the other zones. In contrast, heterotrophic (Fig. 5d) . autotrophic cysts at sites E1 and E2 (Fig. 5b) . Moreover, the coarse 258 silt sediment at E1 site could have negative effect on the preservation 259 of cysts (Fig. 7) . The cyst assemblage at A2 site was separated from 260 other groups due to the highest abundance and diversity. In addition,
261
D3 site was also separated from the main group due to its low abun-262 dance and species richness. showed that the silt dominated in the sediment and the proportion 271 of clay and silt represent more than 60% at most sites except for E1 272 (Fig. 7) . The abundance of total cysts, autotrophic and heterotrophic
273
cysts and H:A ratios were used for correlation analysis with grain 274 size ( Table 2 ). The result showed that total cysts and heterotrophic 
cyst abundances were not significantly correlated to the sediment 276 grain size (P > 0.05) ( 
299
( Fig. 5a) , and corroborated the significant response of cysts to the in-300 creased nutrients as mentioned in previous studies. Moreover, an ex-301 tremely high cyst abundance was found at A2, which distinguished it 302 from other sites in Zone A using the similarity analyses (Fig. 6 ). Ex- confine dinoflagellates to the eddy center (Rodríguez et al., 2003) 308 and more cysts can be collected into the sediment during deposition.
309
Compared with the other four zones, cyst abundance in Zone E 310 was much lower, particularly for autotrophic cysts (Fig. 5a,b) . Zone EPA (Wu et al., 2006; Bai et al., 2010) , and showed significant pollu-317 tion from industrial wastewater discharge. Consequently, high con-318 centrations of heavy metals were also found in the sediment (Liu 319 et al., 2011) (Table 3) . Thus, Zone E is characterized as an environ-320 ment with low nutrients and high heavy metals, compared with the 321 other zones. Based on limited case studies to date, industrial pollution 322 is associated with a decrease in cyst abundance or change in the ratio 323 between heterotrophic and autotrophic cysts (Saetre et al., 1997; 324 Matsuoka, 2001; Dale, 2009 (Pinto et al., 2003) . Okamoto and Colepicolo (1998) ⁎ Correlation is significant at the 0.05 level (2-tailed). ⁎⁎ Correlation is significant at the 0.01 level (2-tailed). 
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(2), 53-59 (in Chinese, with English Abstr.).
